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的滨海湿地面积为 38.64 万公顷，约占我国滨海湿地总面积的 6.67%。本文用
InVEST模型计算出围填海前后滨海湿地的总碳储量分别为 36.65 Tg和15.96 Tg，
即碳储量损失了 20.69 Tg。从围填海前后的土地利用转移矩阵可知自然湿地的大
幅减少是滨海湿地碳储量损失的最主要原因。自然湿地转出为其他土地利用类型
















































Coastal wetlands are characterized with high net primary production and slow 
rates of organic matter decomposition, which play an essential role in mitigating 
climate change in coastal area. Due to the rapid population growth and urbanization in 
coastal area, coastal area are exposed to intensive reclamation activities, which leads 
to serious degradation in China’s coastal wetland. It is of great practical and academic 
value to evaluate reclamation impacts on carbon storage in coastal wetland, which 
may contribute to optimize reclamation activities management, as well as formulate 
wetland conservation action plan and climate mitigation strategies. In this study, the 
carbon density values were collected from the literatures. We estimated the carbon 
storage of different land use types in China’s reclamation area for 2015 using InVEST 
model. In addition, we analyzed reclamation impacts on land use pattern and carbon 
storage in coastal wetland, as well as in coastal nature protected area from 1990 to 
2015. The critical findings include: 
(1) Carbon density value collection: carbon density of different land use types in 
various coastal areas was collected from a large number of literatures. The carbon 
density in three different study areas (northern, middle and southern coastal areas) are 
ranged from 1.22 to 27.71 kg/m2. 
(2) Assessment of land use pattern and carbon storage distribution in reclamation 
areas: land use types in China's reclamation area were dominated by artificial 
wetlands (salt pan and aquatic agriculture), followed by unused land (such as salina 
land, bared land, new water, etc.) and construction land. The area of reclamation 
showed a continuous growth trend from 1990 to 2015, which reflects that China's 
coastal areas have experienced high-intensity reclamation in recent years. The total 
carbon storage in the reclamation area was 38.24 Tg (average 40.37 Mg/ha). At a 
regional scale, the order of carbon storage per unit area is: middle coastal area > 
northern coastal area > southern coastal area, Yangtze River Delta > Bohai Bay > 















(3) Estimation of reclamation impact on land use pattern and carbon storage in 
coastal wetland: More than 380,000 hectares coastal wetland was under influences of 
reclamation, accounting for 6.67% of the total area of China’s coastal wetland. There 
were 36.65 Tg and 15.96 Tg carbon stored in the coastal wetland located in 
reclamation area in 1990 and 2015 respectively, with 20.69 Tg carbon storage loss. 
The land use transfer matrix of coastal wetland showed that the decrease of natural 
wetland was the main reason for carbon storage loss. The carbon storage of natural 
wetland decreased greatly within last 25 years, however, a small increase of carbon 
storage in the artificial wetland was observed due to land use changes. This thesis also 
estimated the carbon emissions of energy consumption in China's reclamation area in 
2014. The results show that the average annual carbon emissions generated by land 
use change (reclamation) was approximately accounting for 6.18% carbon emissions 
of the energy consumption in China's coastal reclamation area in 2014.  
(4) Impacts of reclamation activities on coastal nature protected area: About 
103,100 hectares coastal nature protected area was under influences of reclamation, 
accounting for 5.73% of the total area. The land use type was dominated by artificial 
wetlands, followed by natural wetlands, cultivated land, construction land and unused 
land. The natural wetland loss mostly appeared in Yancheng Rare Birds, Shuangtai 
Estuary, Dalian National Spotted Seal (Phoca vitulina) Nature Reserve and other 
National Nature Reserves. From 1990 to 2015, 58.9% of carbon storage of coastal 
wetland lost in coastal nature protected area (2.45 Tg), mainly due to the 
transformation of a large number of natural wetlands into artificial wetlands (salt pan 
and aquatic agriculture). The decreases of carbon storage mainly occurred in 
Yancheng Rare Birds, Shuangtai Estuary and Changli Gold Coast National Nature 
Reserve, carbon storage loss was 1.61 Tg, 0.37 Tg and 0.18 Tg, respectively. 
This work provides a theoretical basis for rational development and protection of 
coastal wetlands, enhanced coastal carbon sinks and mitigating global climate change. 
Ultimately, some potential strategies are provided to mitigate the negative effects of 
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有降低大气CO2浓度、减缓全球气候变化等重要价值（Nellemann et al., 2009; 
Mcleod, et al., 2011; Barbier et al., 2011; Adame, et al., 2013; Doughty et al., 2016; 
Howard et al., 2017）。其中，盐沼、红树林和海草床是重要的滨海湿地蓝色碳汇
（Blue Carbon）的主要贡献者（Chmura et al., 2003; Pendleton et al., 2012; Duarte et 
al., 2013）。有研究表明，全球的盐沼、红树林和海草床等蓝色碳汇和河口每年可
固定的碳，相当于全球整个交通运输部门排放量的一半（Nellemann et al., 2009）。
此外，滨海湿地生态系统还具有水质净化、减少海岸污染、保护生物多样性、保
护海岸免受侵蚀等重要作用（Lee et al., 2006; Lau, 2013; Green et al., 2017）。根据
联合国环境规划署发表的《蓝碳：一个快速反应的评估》报告，沿海生态系统的
提供服务价值估计已超过 25万亿美元 /年，是最具经济价值的生态系统
（Nellemann et al., 2009）。 
近几十年来，沿海地区的围填海活动呈加剧趋势，以获取额外的土地来支持
快速的经济发展和人口增长（Kirwan和Megonigal, 2013; Ma et al., 2014; Richards 
and Friess, 2016; Tian et al., 2016）。围填海作为获取新生土地资源的重要手段，也
成为了对滨海湿地生态系统影响最大的人为干扰方式，导致了大量的滨海湿地碳
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（Lotze et al., 2006; Lee et al., 2006）。除此之外，围填海活动也削弱了生物圈从
大气中去除人为二氧化碳排放的能力，使湿地丧失碳固定/储存功能，甚至转而
变为碳源，导致大气中CO2浓度增加，从而影响了全球气候变化（Valitela et al., 
2001; 许振等, 2014; 王绍强和朱松丽, 2000）。滨海湿地碳汇对沿海地区的气候、
人类健康、粮食安全和经济发展至关重要，因此它们的消失是一个紧迫的威胁，
这也是当前缓解气候变化努力中需要弥补的最大缺口（Valiela et al., 2001; Irving 
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近岸海域水沙动力环境发生了重大变化。此外，有研究表明填海造地可能对当地
的地下水系统产生重大影响（Guo and Jiao, 2007）。 
国内也做了很多关于围填海的生态环境效应的研究，如对黄河三角洲（靳宇
弯等, 2015）、胶州湾（李京梅和刘铁鹰, 2012；雷宁等, 2013）、渤海湾（秦延文
等, 2012）、兴化湾（俞炜炜等, 2008；马志远等, 2009）等围填海过程及其影响的
研究。张明慧等（2012）认为相比于国外其他国家，我国围填海的生态环境效应















原（Paruelo et al., 1997），美国本土陆地生态系统（Pacala et al., 2001），欧洲大陆
（Janssens et al., 2003），巴西亚马逊热带雨林（Nogueira et al., 2015），以及蒙古















































从 2007 年发布至今，InVEST 模型在国际上已广泛应用于各类政府和机构的
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